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[Fables and figrres referred to herein are appended./

The metals whioh are the objects of cur investigation. are 4ivided in the
oxder of chargs in Uhe following seguencs:

Me 2a Fo 8n Pb K On-
By, B 077 . <048 0.1 -0.13 0 +0.34

in view of this, it san be cxpsated that tin will dieplase lead and copper.
Tin and irvon csn be dlapleced from solutions by zinc.

Asoording to the given order of voltages by Nernst's formnls, we find the
1iaiting relaticn of the conoentration to which displacessut of cas metal by
another scours: (see folloving sage)
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Ba - B vererenene ;g.gg:;'_; 0,3 ..:.Sg:_ L _ ’
e Zn - Su."(.......... lg-gg;‘:;.‘-j 21,72 .gg‘._. 3,29 ¢ 107 | D

Zo - Fo™ L.eecevaes 'Lg_g;:_z_:z 11,38 ':ﬁ::..: 2,59 + 10t _ S | ‘

¥rom the above-mentioned data it follows that, at the displacement of tin
by 2ino, copper by tin, ani ivon hy zino, the procsss of csmentatiom should go
prastitslly to oomplsticn. Displademsnt from a load solution by tim will sesur
oaly et an eguillbrium cordition when thes cumcentration of tin lonw will be
about double the ooncentration of lead iloms.

A pusbar of ressarohers beve studied the problems of the mechanios and
eleotrocheatstyy of the cemsutation provess: N. A, Ysgaryahev (1), G. V.
Aktoov (2), sod others. The kinstics of the prosesa of dlsplacamdst of ons
wotal by amother has heen iittle stidied. V. Mayer (3) stolied the klustine of
the dispiaseent of ssroury from sclutions of iiuv salts by ir-m spd oopper.

The purpowe of the present vnrk was ths ehﬂy of the kinstios of cezentation
of metale firm their shloride solutions.

To study the resations, Me +-B® and Ne,+Xe,’, a one-liter glass vesrsel with
. . Sed through a central opening ln
ths 114 of the vessel, provided with a water seal. Metal dlscs were placed on
e shaft of the mixer, ceparated from one #nother by glase wachers. Ten disos
a‘xer at .

: The upper end of the mixer, during the experiment, was fixed by a olamp to
e D i & pulley whick wea Joinsd by a belt to & 2otor tatezgh & reduning gear. The
- e ’ mixer rotated at 60 rpm.

The cessntator wvas plaosd in & watar thermostat. The water im tho therme-
atat was cimulated hy the four-bieded mixsr. In the hoating system thsre was
snclosed & thermo-regulator, connected with a contaoct thermeme’or whioch ves
sitiated in the thermostat. . .

™e voluue of the reasting solution was 450 ml. Three plates of motal
with an orersall carface of 170 sg <1 were used in every test. The surface of
o PN o tho plates wms first treated with emexy olcth, then Gegreased with ap alkall
- i soluticn, after whioh it was washold with a weak sold Golution,and distillod
. o . ‘aber. e B IRTRERTY .

Befure ths experizect, the tospemature of the the mcstat wse brought to
‘ thes requirol value, The iavestigated solution was hsated to this teaperature,
; after which the plates were inserted iato the fluild. This momest was ocnsidered
: the beginning of the axporiment. ) '

. : Pﬁ:‘rl vlew of the apparates L4 given io Pigure 1. /Fhotograph not re-

A. Displacemsnt of Ryirogen by Metallio Tiu

s estperiments of the solubioms ol tin in hylrochloric acid ware son-
duoted at temperatures of £0, 50, asd 75" The first solution contained 10 &/}
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O OMERENTIAL : 5ox1HU|v|

of 0L, Tasts to deteruine tho acidlsy wore mde eveéy honr.

L The exporiments ubM“ oot tin i oot very soluble in & RPATOSRLOPLC ' i ki sl g -
aold colution. Depending on tio tormpereture and the lengsh of the ', '
the guantity of tia in the Firal eolubions varied from 0.1% %o 0.48 1 (Tabls 1).. i g

96 study be baluvior of 7w in the solutioms vhich oontasn 801, as well.
as ths iyircohlorie a01d axperimonts were ctmincted on dlesolvimg the wetai in -
solutions vhich coatalnsd 10 g/i of HOL and 62 g/i of Bn. Tewts to dAstermine ths
60181ty wers mede overy Bour for 6 hours. A the exporimente showel, the aoldity
of the solutions remsined almusi ocnstant, :

2. Deplasceasnt of Copper hy Mstailic Pin

The experiments were conitiated ab temparatures of 20; 50, aok 75°. A
éolution of CuCl, wis prepared with thres coacsntPmslonss with 1.9; 1.0; and
0.5 e/s of Ou. wollity of all three solubions consisted of 10 g/i of BOL.

Baaples were dxawn off svery 10 minubos for analysle (for the firat
balf hoat) and then every 15 mimntes.

_The results of the expsrimenta are inoluisd in Table 2 and Figure 2,

Trom Table 2 abd Figure 2 it follows that, st a tesperatuvs of 20°
apd with an initisl oonssntyation of 0.9 g/ of oopper, after an heav's cementation
in the solotion, there zomsing 0.18 g/l Of On wirioh e 36 pazoent of the origirel
guantity. With the Jworease of initlal oopper copcentration to 1 and 1.9 a'L,
the ossibnitetion 5o the 6 of an houx is more compliets, bubt there etill ro-
" maloy 0406 3nd 0,013 @/l of Ow, ¥ecpeatlively, in: soluticn.

' _ noreasing the temperature to 50° inoreases the cpecd of 8bo procese. -

After imcsion of the cessntation plates in a solution of imitla) somosptration
‘of 0,5 g/l of Cu, there reanias, afber ap hour, 0.01 g/1 of ceppes- Ucisr these
ooalitions the process is'also more csaplete 1n inoreasing the ooncentration of
ooppér in the inibial solutilon to L and 1.9 g/l of sopper. After an hour in the
oolution, there rewains 0.0 and 0,0028 g/l of Ou vespectively.

Incressing the temperature tn T5° further inoreasos the cpeod of the
grosess. With initisl concenbreticos of 0.5 and 1.9 g/} of Cu, 45 miautes after
the stsrt ¢f the reaction no ovpyar ie Zomod 1o solubicn. With an inttial cono
. osptratica of 1 g/l of Ou, the yrodess is complste after 1 kour (Table 2).

N Zrperisents were alen ooedeoted dn the cemsntation of sopper from
solobions vomtaining 50 5/l of tin. 71> initicl cencentreticn of copper in tho
gguuu s 0.92 and 0.38 g/1; actdity wes 10 /1 of BOL. The bomperatare was

IV follows from the data of Tuble 3 that, under these conditions, also,
t3e procems ie ocspleted 1o ap hour. » :

3» Dmplacsmnt of lead by Netalilo Tin

Th axperiasein s. the dispicsesont of lemd by metalliec tin from soluticas
cootaining ~C.5 g/1 of P, were condooted et tem;omatures of 20, 50, and 75°.
The 1leplstemsat of lead from solublons contalning~- 1 g/l of Fb were conduoted at
tompamatares of 30 and 79°, and A g of Pb, at a tesporature of 75°.

The. 6c1d1ty of all the origimil vplatic.s ws 16 g/l of K\, Ths lsagth
of the experiment was 3 honrs. Semples w taken overy 30 minutes for amelyois.

The rmeults of the experiments are shown in Teblo % and Figuve 2 and b.
From the dats 1b follows that, in all crues, the %:plmmnt of lead by tin

reeches a 11mit of the relative ooncontwtions of 27/ [Po~F olome to 2.2.
=3r
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As is olear from the data of Tebie b, the degrss of dicplmcement of lead
by metaliic tip is aliest independent of the temperature of the axperiment and Y
- the init1nl comoentvation of lcad. Izoreasing the tomperaturs. oaly hastens Sho .ot s el AR i B
attalnment of the ogquiltbeimm condition. At a temperature of 20°, the equilibrium
oocurs after about 2.5 mours; at a tompersturs of 509, after 2 houu; at a tem-
perature of 75°; after 1} hours.

4. Displacemsnt of Hydrogen by Metzllio Zins

Repexinents ‘oo the adlubility of zinc in Mroohl.oxio u;.d solution
wkm;t vith initial consentzations of 10 and 20 g/l o7 BSL at temperatures of
20, 40, ™0,

Bamples for anslycis vers taksn svery 15 winutes at high acidity and
bigh teaperabure, They were mals overy 30 minutes at low uoidity and low tom-
perstura.

The resnits of the teats are shown in Table 5 and Figore 5. From the

data of Tadle 5 and Pigure 5 1t follows thet with ths inorease im tempsrature
the rute of tha resotion Za ¥ 201 » Zo0l,4 Hp ie lodreased. If at & “emperature
of 20° and after 30 gimtel of agitation, the aoldity bas dearesaed from 10 to

.ia g/1, then at 40°, the acidity deovessed to aimost one hal¥ as mmoh. At
?5 there romained auly 0,11 g/l of HUL in eolution. When the initlel comsen~ .

) ?.u::::e:f H#01 1o the solutlon ie inox-eued, ths rete of eino solubility is aleo

100! somovhat .

5. Displacemon® of Tin béy Zino

The experiments were conducted at temperatures of 20, 50, and 7°, The
embunt of Bin in the initial solutiod was 62 g/l. Th acidity was 10 g/l of BOL.
The duration of the experiments wes one hour. Bamples for analysis were taken
evezy 10 clnntes (during the fiub hal? heur) and then every 15 ninutes.

A meries of axperiments wag made on the cemeastation of tin by £ino¢
(1) fxom freskly preparel splitiona of tin chloride, siightly hydrolised but not
oontaining any colloldal sedimint; and (2) from eolutions of tin chloride which
had dean staniding for severanl days and which contained a colloidal sediment.

The Fesulte of the s on the cementatlon of tinm by lead are
given ir Teble &, and Figure : ‘ '

Lo oOlear from the date nT Table 6 and Figure 6 at the cementation
proyu'ed Jolutions, the proocss is fairly oomplete. Onms .
experinent at ishperatures of £0° and 0°, Lhe—
0.29 l/l. Sat at a teapereture of T5° 8o tin was found .
If comsntation of u.n ooours from solutiom: containing & wuspension of crychloridesn,
thea 6O minutes after bthe commencemsnt of cewsntation there resains in solutiod
as a tesperature of 20°, 14.96 g/1 of Sn; at a ~smaveture of 5°, 9.25 g/i of Sa;
and at & teperature of 735 11.%) g/L o7 Sa. :

The soldity of the solution during cemsatation of tin by metallic
sine 1x deoTeased iD 2)1 sxporixents (indopendent of ths tcaperature), on aa
average, to~- k& g/l of hylroohlsric acid (Table 7, Figare 7).

Comparisca of the. changs of aolidity in ths process of ths displacemsnt
Mnrl Sons by metallic sinc in the presence of tin chloride and vithout 1!;
shavs that, at te20°, the tin “oms hastnn thia procass.

At a teagerature of 75°, the rate of Alsplacemont of hplrogen ions in
mmwunimumnu. This onn Do erplained by the faot that the
dispascsment of tin under thuse conditiona prevails over the displacement of

b
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. Siatlar rosults verc obtalusi’ with Gemsntation of tin,frem froghly il
prepared solutions which contaimod 376 apd 536 g/l of BaOl, (Table 8). of

_ Frowm the dmia of Table 8 St follows that ths cementation of tin is
alaost complete. With concentrated solutions for speeding the proosas, it 1s
nsoceseary 5o remove tiie €ilm of tin whisk forms on the zips.

. Dieplacemsnt of Iron by Metallfo Zimo

The experiments oo tho displacemsnt of iron hy metallio zine from a
solution of FeCl, were done at temporatnures of 20, 50, amd 730,

The experimsnts lasted 3 hours and- pamples were taken for somiysie svery
30 minutes. The conoeatrsations of the initiel solutione wers: 29012 - 0.5, 1,
and £ gfl P . ¥

The recplts uf the axperiments showed that under thess conditiocns gre-
cipitation of allic iron on the sipo did not coonr. Witk a dsoresee of the
acldity Trom 10 to 5 gfl of BU'l, ths hydrolysis of iron chloride bogan.
CSonclusions

" 1. -In a sydroohlorio sold solutlon vith B concentraticn of 10-20 /1, tin
18 pot very aotive, vhoreas imo readily dissolves ia ths shlioride.

2. Copper can be ocapletely dlsplasced Frow a sokntion of 1%s ehloride by
astaliio tin. - .

.3, Lead ogn only bepartly 4’splaced by metallie Lin from a solution of
its chioyide. )

4. Tin s mttuiu completely displaced by siny from fresily preparad
solntions of tin ohloride.

~ 5e Iron is not displaced by rino @t e conoentrabvlon of Fd+ g/l and below.
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Table 1 o 50.X”.1‘-.HU|V| _

Paseage of a Netal Tnto Solution Due to Action of BOL on Netallls Tin
lengbh of Exparisent Toapgrature Guanblty of Tin in Bolution
{1n hovas) {(Gzama/Titer)

22 20 ’ 0.2

6 50 0.4
6 (] 0.48

Table 2

Rate of Oopper Displmoewent by Tin, Dspending on Initial Cencentratior and
qurebm of Solutions
Texgerature Daration of Experiment in Minates
¢ 10 ) 20 30

o k5 60

Obangs 1a Amomat of Copper in Solation, g/i
S S S+ ~
1.9 1.68 0.96 o. 0.104
TR T B
1.9 1.28 0.bk 0.053 0.02%
0.5 0.3 0,055 0.016 0

10 0.09 013 0.07 0.03
1 .9 1.“ o.* °a°°8 o

Tuble 3

Daratton of Experimsnt in Ninutes
o 10 €0 30 1]

Change of the Ancunt of Copper 1o Solutica, g/L -

0.38 0.81 0.22 0.0% ¢
9.92 0.3 0.1h 0.02 0.0L
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Table b
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‘Rate of Leed ‘Displacemsnt by Metallic Tin Dspending on Initial Cooscontration
and Teamperature of Solution

Tmacmture 0 Duration of Experlnent in Ntnntea

- 30 60 n° 7/ {Fo2]
Chengs in Amount of Lead in Solution, g/l
0.57 -~ 0.39 0.39  0.3L  0.24 1.7
0.57 034 0.8 0.8 018 - 1.85
1.3 0.76 057 052 0.3 - 2.0
.31 0.87 - 0.50 0.38 - 2.5
0-6’ 0037 0.2’ 0021 A ond 2.2
1.20 0.67 0.5  0.hb - - 2.4
75 } 20"2 1»“6 ’-vm 0172 hand 2-16

.Tadle 5

Infivence of Tewporature end Initlal Concentration of Aoid on Rg,so of Dis-
placonent of Bydrogen by Metallic.Zino

) Duration of hpcrimenb in Wnates
'ngaa bure 0 15 30 45 60 90 120 150 180 240

Chacgs 1o A61dity of Solution, g/i

» 20 10 951 942 932  ~ e e e e
' mooE W
%0 0 - s5u - ;iss 0.29 3.5 9 59 -~
™ 10 251 029 0L 35 = - - - -
20 20 —-— 18.6 hand 16.» u.,’. 10-98 . 3.91 7.57 6-28

ho .20 - 18.45 - B840 W3 18 066 0.29 -

Yable 6
Ianmou oi’ Terperature on Rate of Tiu Displacummat by Netallio Zins
: Tq%shm muon of lwlnnt ia Kinutes
0

10 85 60
Changs of Tin Concentration in Solution, g/i m Froshly
. Praparad Solutions

20 K] 37,6 ©.6. 15.7 A3k - 0.25

. %0 6 352 @b 15.9 - 0.5

™ 545 2745 21.0 6.0% - Hoae

. .
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| (ONRIBERHAL S
~ {7abls 6 cmtd) o
Froa Solubions Costaining Collofdsl Bed.sct ~
20 6 9.3 35.9 25.7 17.5 14,96
’ 50 & bO.) 29-8 @-1 1“!6 90”
¥ 6e h3.3 35.6 23.6 16.3 11L.59
Table 7
Inflneoce of Tesperature on Acidity Ohange in Process of Displacing Tin by nd
SRpOTS Durabion of Experiment in Ninntes
T o sore 0 10 20 %0 &5 60
* Ohangs of Chloride in Solution, g/} From Freahiy
. Prepored Solutiona ‘ . e
50 10 877 640 5.7 - 340
_ v 10 8.7 6.56 5.66 - -~ 3.12
R i From Bolutions (ondaining Colloldal Eeliment
s 20 0 9a6 68 623  53.38 476
’o . 10 808’ 6-1’ . SQT’ 5.82 ko“
v) 10 8.95 130 7.30 6.07 5.8
Table 8
Fate of Gesientabion of Tin by Netallic 2100 From Cososntrated Solutions
. e s ‘  Solwlon No 1 Solation No 2
L Duretion of 3xpariment  Ohenge &n mouat Duretion of Exparisaut Changs in
R . in winutes) Azount of
- (4n migates) of &l g2 {1a o=
o 76 . .0 . 536 |
15 g% - 25 - ege
‘ ' 250 (Pila
30 . bl B 30 _ e )
» 0.9 - 7] 0
60 0.15 , 6 : 0.30
-
' -8 -
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Mgare 3, Iefinence of Pitia) r:mb. Inflaence of Teagera-
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dataldie by Metallio Tin

. Tufinence of Tempereturs and Initinl Acid Concen’ration
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